Chagas heart disease (CHD) results from infection with the protozoan parasite
A century after its discovery, Chagas disease continues to be a serious health and economic problem in most Latin American countries. Moreover, due to growing population movements, an increasing number of imported Chagas disease cases have now been detected in non-endemic areas, such as North America and many parts of Europe, Asia and Oceania (Schmunis 2007) . Recent estimates indicate that at least 8-10 million people are chronically infected with Trypanosoma cruzi (OPS 2006 , Remme et al. 2006 ) and around 50,000 new cases occur each year (Dias et al. 2008) .
Chagas disease has two successive phases: acute and chronic. Acute infection is often asymptomatic or may manifest as a self-limited febrile illness that lasts 4-8 weeks. Clinical manifestations of chronic Chagas disease are related to the pathologic involvement of the heart, oesophagus and/or colon (Coura 2007) .
Cardiac involvement is the most serious and frequent manifestation of chronic Chagas disease and affects 20-40% of individuals, typically years or decades after the initial infection. Chagas heart disease (CHD) is also the most common cause of cardiomyopathy in Latin America and, in endemic areas, it is the leading cause of cardiovascular death among patients aged 30-50 years (Rassi Jr et al. 2000) .
Chronic Chagas cardiomyopathy presents as three major syndromes, which may coexist in the same patient: cardiac dysrhythmia, heart failure and thromboembolism (systemic and pulmonary). Clinical presentation varies widely according to disease duration and the extent and location of cardiac lesions (Rassi Jr et al. 2000) .
Pathophysiology of myocardial damage in chronic CHD
CHD is an acquired inflammatory cardiomyopathy characterised by a chronic fibrosing myocarditis (varying from focal or multifocal to diffuse) and a progressive impairment of myocardial contractile function (Rossi 1991) . Numerous contributing mechanisms have been suggested to explain the pathogenesis of CHD (MarinNeto et al. 2007) . A consensus is now emerging that parasite persistence and the parasite-driven immune response play a pivotal role (Tarleton 2003a , b, Kierszenbaum 2007 , Bonney & Engman 2008 . In contrast, whether one or more of the autoimmune events described in experimental models and human cases of Chagas disease can contribute to, or aggravate, this pathology, has been more controversial and difficult to validate (Tarleton 2003a, b) . The evidence supporting this viewpoint can be summarised as follows: (i) in recent years, more powerful and sensitive methods of parasite detection, such as immunohistochemistry and polymerase chain reaction (PCR), have demonstrated a higher frequency of T. cruzi antigens and parasite DNA in chronic lesions; also, a significant correlation between parasite persistence and tissue inflammation has been clearly documented; therefore, the supposed absence of parasites at or near sites of disease (the mainstay of the autoimmune theory), probably reflects the use of insensitive histological techniques in past decades (Tarleton & Zhang 1999) ; (ii) interventions that lessen the parasite burden, such as aetiologic treatment with benznidazole or nifurtimox, reduce clinical disease in humans (Viotti et al. 2006 , Fabbro et al. 2007 ) and experimental animals (Andrade et al. 1991 , Garcia et al. 2005 , in contrast to immunosuppressive treatments/situations that clearly increase T. cruzi parasitemia (Rassi et al. 1997 ) and usually aggravate the inflammatory response (Sartori et al. 2007 ); (iii) reinfection or continued exposure (due to continued residence in areas of active transmission) seems to increase the parasite load and disease severity in experimental models and in human cases (Bustamante et al. 2002 , Storino et al. 2002 ; (iv) although anti-self responses are encountered in T. cruzi infection, the nature of anti-self antibodies in experimental and human chronic Chagas disease is heterophilic, with a poor correlation with the heart lesions (i.e., there is no direct and definitive evidence that the immune reactions against the mimicked auto-antigens are actually pathogenic) (Tarleton 2003a, b) ; and (v) data supporting the direct involvement of either molecular mimicry or polyclonal activation in the pathogenesis of myocardial lesions ascribed to T. cruzi infection are sparse and inconclusive.
The release of intracellularly replicated trypanosomes followed by parasite-driven myocyte necrosis and inflammation not only contributes decisively to pathogenesis, but may also trigger additional mechanisms of cardiac damage (Bonney & Engman 2008) . Several coronary microvascular abnormalities, including increased platelet activity, microthrombi, microvascular spasm and endothelial dysfunction have been reported in animal models (Rossi 1990 ) and in some studies in humans (Marin-Neto et al. 1992 , Simões et al. 2000 . These phenomena could be explained by vascular endothelial cell damage caused either by T. cruzi or immune effector cells directly, or could result from the underlying inflammatory process (Rossi 1990) . Abnormal reactivity to vasodilating and vasoconstricting stimuli has also been reported in the epicardial coronary arteries of chagasic patients (Torres et al. 1995) . It is possible that such derangements contribute to the exacerbation of myocardial cell damage and fibrosis and participate in the genesis of ischemic-like symptoms, electrocardiographic changes and perfusion defects described in chagasic patients with angiographically normal coronary arteries (Marin-Neto et al. 1992) .
Intense neuronal depopulation has been demonstrated in several independent pathologic studies since the early 1920s (Chagas & Villela 1922 ). In the 1950s, studies using standardised methods of counting intramural neurons showed a strikingly diminished number of cardiac ganglion cells in chagasic hearts. Because the intramural cardiac ganglia are mostly parasympathetic, a neurogenic ("parasympathicopriva") hypothesis was postulated (Köberle 1959) . According to this theory, a long-lasting autonomic imbalance leads to a catecholamine-induced cardiomyopathy characterised by myocardial hypertrophy and cardiac dilation, whereas myocardial inflammation is not considered to be an important element for cardiac damage. Consistent with anatomic parasympathetic denervation, abnormal autonomic cardiac regulation has been shown in many functional investigations, even before the development of ventricular dysfunction (Ribeiro et al. 2001) . Because of the dysautonomia, chagasic patients are deprived of the tonic inhibitory action normally exerted by the parasympathetic system on the sinus node and they also lack the vagally mediated mechanism to respond to transient changes in blood pressure or venous return by using quick-onset bradycardia or tachycardia (Amorim & Marin-Neto 1995) . However, several conceptual obstacles have challenged the applicability of the neurogenic theory (Marin-Neto et al. 2007 ). These include the subtleness and variability of the intensity of cardiac denervation in CHD patients and the lack of correlation between parasympathetic denervation and the extent of myocardial dysfunction. Moreover, sympathetic denervation has also been shown at the sinus node level and in myocardial regions during the early stages of disease (Marin-Neto et al. 1980 , Simões et al. 2000 .
Nevertheless, neurogenic disturbances may play a contributing role in the complications of the chronic phase of Chagas disease by triggering malignant arrhythmia and sudden death and by disturbing the coronary microcirculation control (Matturri 1996) . A schematic overview of the pathogenesis of chronic CHD is shown in Fig. 1 . Since parasite persistence is required for the development of myocardial damage in Chagas disease, the next step is to try to understand why a subset of individuals chronically infected with T. cruzi develops disease, whereas others do not. It is quite possible that factors such as parasite burden, parasite strain and tissue tropism, time of infection and the host's genetic background all play some role. However, it seems that the effectiveness of the host immune response in controlling parasites in specific tissues plays the most important role. According to this hypothesis, when the immune control is inefficient, parasite load and inflammation increase. In contrast, a wellexecuted immune response, capable of reducing parasite burden and limiting its inflammatory consequences, results in less tissue damage. Some in-depth overviews of the immunoregulation and pathology of the heart in Chagas disease have been published during the current decade (Higuchi et al. 2003 , Tarleton 2003a , b, MarinNeto et al. 2007 , Dutra & Gollob 2008 .
A variety of structural and functional cardiovascular changes have been described in patients with CHD. Normal myocardium is composed of various cell populations: (i) cardiac myocytes tethered within an extracellular scaffolding of fibrillar collagen and (ii) non-cardiac myocytes, which include endothelial and vascular smooth muscle cells of the intramural coronary circulation and fibroblasts located in the interstitial and perivascular spaces. A large body of evidence indicates that myocardial structure in CHD is affected by three key pathological processes: inflammation, cell death and fibrosis (Andrade 1999) . The inflammatory infiltrate consists mainly of T lymphocytes, with a predominance of CD8 + cells. Macrophages, eosinophils, plasma cells, neutrophils and mast cells are also present to a lesser extent. The most frequently affected cells in individuals with CHD are the cardiac myocytes (myonecrosis > myocytolysis > contraction band necrosis), the conduction system cells and the parasympathetic cardiac neurons and fibres. Cardiac damage results from the rupture of infected cells releasing trypomastigotes, the local production of some proinflammatory cytokines and other cytotoxic mechanisms involving CD8 + T cells and, less frequently, CD4 + T cells. Although intact parasites are rarely found in the hearts of chronic CHD patients using standard histologic analyses, T. cruzi antigen fragments and parasite DNA are frequently detected in the inflammatory lesions using highly sensitive techniques such as PCR or immunohistochemistry. Focal or diffuse areas of myocellular hypertrophy may be observed with or without adjacent inflammatory infiltrates.
Another important feature of CHD is a marked reparative and reactive fibrosis, characterised by a diffuse and dense interstitial accumulation of collagen that encloses individual fibres or groups of fibres (Rossi 1991) . All areas of the heart, including the conduction system, may be involved. This explains the frequent occurrence of atrioventricular and intraventricular blocks and sinus node dysfunction in patients with CHD. The progressive destruction of cardiac fibres, the intense fibrosis replacing destroyed myocytes and the hypertrophy of the remaining myocytes all predispose the patient to heart failure and cardiac arrhythmias (Fig. 2) .
Ventricular aneurysms are a common finding in CHD. Pathological and functional data suggest that the microvascular control in chagasic hearts, in comparison with non-chagasic hearts, may be severely impaired, probably due to the presence of abnormal substances induced by the inflammation and/or directly by the parasites. These microvascular disturbances might lead to the existence of regional patterns of abnormal vasodilation or vasoconstriction, especially in the watershed zones of the main epicardial coronary arteries. It has been postulated that the consequent low pressure perfusion and associated ischemia may occur in two border zones between the principal coronary artery branches: one involving the anterior descending and the posterior descending arteries, and resulting in the formation of the apical aneurysm, and the other between the right and the circumflex arteries, resulting in the formation of an aneurysmatic lesion at the basal posterior wall of the left ventricle (Higuchi et al. 2003) .
Prognostic factors and risk stratification
CHD is a heterogeneous condition with a wide variation in clinical course and prognosis. Many patients remain asymptomatic throughout life; some have only conduction defects and mild segmental wall motion abnormalities; some develop severe symptoms of heart failure, thromboembolic phenomena and multiple disturbances of rhythm; and others die suddenly, often in the absence of previous significant symptoms (Rassi Jr et al. 2000) . In general, sudden cardiac death (usually due to ventricular fibrillation) is the most common cause of death (55-65% of patients), followed by congestive heart failure (25-30% of patients) and cerebral or pulmonary embolism (10-15% patients). Although sudden death predominates in patients with less extensive myocardial involvement and in those with significant pre-existing ventricular arrhythmias, death from pump failure is slightly more common in patients with congestive heart failure (Rassi Jr et al. 2001) .
A better understanding of prognostic factors in CHD has evolved over recent decades. Knowledge of these predictors of unfavourable outcome can help to identify patients at different degrees of risk, facilitate choice among treatment alternatives and aid patient counselling.
In 2007, we published the first systematic review integrating the results of all studies on the chronic phase of Chagas disease that used multivariable regression models of prognosis and analysed a clearly defined outcome, such as all-cause mortality, sudden cardiac death or cardiovascular death (Rassi Jr et al. 2007 ). From 606 potentially relevant studies published between 1985-2006, 12 articles met the inclusion criteria and were thereby selected for analysis (Espinosa et al. 1991 , Hagar & Rahimtoola 1991 , Bestetti et al. 1994 , 1996 , Carrasco et al. 1994 , Mady et al. 1994 , Garzon et al. 1998 , Rodriguez-Salas et al. 1998 , Leite et al. 2003 , Salles et al. 2003 , Viotti et al. 2004 , Rassi Jr et al. 2006 ). Despite differences in the sample populations between studies (e.g., some studies included only patients with CHD while others included patients with and without manifested cardiomyopathy) and in the set of prognostic variables investigated in each study, four independent markers of increased risk of death were identified: New York Heart Association (NYHA) functional class III/IV, cardiomegaly on chest radiography, impaired Nunes et al. 2008 , Theodoropoulos et al. 2008 , Gonçalves et al. 2009 ). Their results were very similar to those obtained in our systematic review and corroborated our conclusions. The Table summarises the principal characteristics and global results of these 18 studies.
Based on these findings, we propose a risk stratification model for mortality in chagasic patients that combines prognostic factors related to three major clinical, pathophysiologic characteristics of the disease: symptoms of heart failure, expressed as the NYHA functional class III/IV; measures of ventricular dysfunction (i.e., cardiomegaly on chest radiography and decreased LV contractility and/or increased LV diameter on echocardiography); and a measure of ventricular electrical instability (presence of NSVT on 24 h Holter monitoring) (Fig. 3) .
Patients with symptoms of heart failure, in NYHA class III/IV (because all of them invariably manifest associated cardiomegaly on chest radiography, global systolic dysfunction on echocardiogram and NSVT on Holter monitoring) and patients who are in NYHA class I/II and also have LV dysfunction on echocardiogram and NSVT on Holter monitoring are at the highest risk of death and should be regarded as candidates for aggressive therapeutic management. Conversely, patients with an abnormal ECG but who are in NYHA class I/II heart failure with neither LV dysfunction on echocardiography nor NSVT on Holter are at low risk of death. These patients should be followed up annually or biannually. Between these two extremes are patients with either LV dysfunction or NSVT. Such patients are at intermediate risk and their treatment strategies should be individualised.
